Coumarins have characteristic physiological, photodynamic and bacteriostatic properties and it is mainly the hydroxyl group, which is responsible for them to be biologically active. Since 4-methyl-7,8-dihydroxycoumarin (4MD) and 4-methyl-6,7-dihydroxycoumarin (4 ME) possess a chelation centre, these properties may be thought of as a manifestation of chelation.
The complexes of 4MD and 4 ME with several metal ions1-4 have already been studied in solution. We report here the synthesis of chelates of 4MD and 4 ME with Mn(II), Fe(III), Cu(II), Ti(IV), Zr(IV), Ce(IV), Th(IV) and U 0 2(II).
Experimental
All reagents used were of analytical grade (A. R. B. D. H). 4MD5 and 4ME6 were prepared and crystallized from dilute ethanol. Dilute solutions of sodium hydroxide and hydrochloric acid were used for pH adjustment.
The IR spectra were recorded in Csl on a PerkinElmer Model 621 IR spectrophotometer. A Beckman pH meter type Zeromatic was used for pH adjust ment.
A G ou y balance and S t a n t o n 's therm al balance were used for m agnetic and therm ogravim etric m easurem ents.
Synthesis of complexes:
An aqueous solution of metal ion was mixed with an ethanolic solution of the ligand in 1:2 ratio. On adjusting the pH, the complex th a t separated from solution was centri fuged. It was washed several times with ethanol and water to remove unreacted ligand (tested with R equests for reprints should be sen t to Dr FeCIs) or m etal ion, and subsequently dried at 100 °C under vacuum. The detailed method in the individual case is outline in Table I .
Infrared Studies

Spectra of 4-methyldaphnetin and 4-methylesculetin
Since both compounds have an a-benzo-pyrone skeleton and substituted hydroxyl groups, no significant absorption has been observed (Tables II  and III) in the region 4000-1800 cm-1 except for stretching vibrations of -O H group at 3400 cm-1 in case of 4MD and 3350 cm-1 in case of 4 ME.
B ands7 a t 1680 cm-1, 1610 and 1580 cm-1 in 4MD are due to the presence of v C = 0 and v C = C frequencies, which are characteristic of the a-pyrone ring present in the compound. Similar bands at 1660 cm-1, 1610 and 1560 cm-1 are present in the spectra of 4 ME. Bands a t 1360 cm-1 has been assigned due to -C-OH bending. Frequencies at 1510, 1460 cm-1 in case of 4MD and a t 1460, 1400 cm-1 in case of 4 ME may be due to -C H 3. A number of bands present in the region 1200-500 cm-1 can be attributed to the in-planebending of aromatic -CH. However, bands in region 800-700 cm-1 may be attributed to the presence of adjacent hydrogen present in the phenyl nucleus. The remaining region below 500 cm-1 mainly consists of the bands owing to the out-of-plane -C -H deformations.
Spectra of Chelates
The spectra of the chelates of 4MD and 4 ME are similar and resemble each other closely (Tables II,  III) . 
F erric (I II) -4-m ethy lesculenetodihydroxo-ferric (I I I ) -chloride (A) F e III[F eIII(4M E )(O H )2Cl2] FeCl3 + 4M E 3.5 12. F erric(III)-bis-(4-m ethylesculeneto-hydroxo)-ferric(III) (B) F e n i [F em (4 M E)2(OH)2]
FeCl3 + 4 ME 6.5 13.
Ferric(III)-tris-(4-m ethylesculeneto)-ferric(III) (C) F e III[F eIII(4M E )3] ■ 2 H sO
FeCl3 -f 4 ME 9.0 14. 
Manganese (II) b is-(4-m ethylesculenetodiaquo)-m anganate(II) M nII[MnII(4 M E)2(2 H 2 0 )2] M n S
900(s)
The 4000-1800 c m '1 region is not significant except a broad band due to the presence of water molecules (coordinated or uncoordinated)8-9.
1600-900 cm-1 region: This skeletal region of the spectrum consists of a large number of sharp and broad absorption bands and several ligand ab sorptions shift on chelation.
Chelates of copper(II), manganese(II), iron(III)A, iron(III)B, zirconyl(II), cerium(IV), thorium(IV) and uranyl(II) with 4MD and 4ME, respectively, exhibit bands in the region 1700-1500 cm-1, almost a t the same frequency as for free 4MD and 4 ME. Since bands at 1360 cm-1 due to a -C -O H bending mode in the parent compounds, are absent in the spectra of chelates, this shows th a t hydroxyl groups have been lost during complex formation. The broad band at 3400 cm-1 can therefore be assigned due to water molecules. Chelates of Cu(II), Mn(II), ZrO(II), and U 0 2(II) exhibit a new band at 1260 cm-1 in the case of 4MD chelates, and at 1220 cm-1 in the case of 4 ME chelates. This absorption is due to the M -O H 9-10-12 bending mode. However, in case of 4MD and 4ME complexes of Th(IV), iron(III)A and iron(III)B this absorption appears at 1250, 1200 cm-1 and 1200, 1180 cm-1, respectively.
Titanyl(II) and iron(III)C also exhibit bands in the region 1700-1500 cm-1 almost at the same frequency as the parent ligands and show absence of bands at 1360 cm-1 due to -C -O H bending mode. The absence of absorptions around 1200 cm-1 suggests the absence of -M -OH group as well as of water molecules.
Titanyl, zirconyl and uranyl complexes of 4MD exhibit the characteristic bands T i = 0 13, Z r = 0 13 and 0 = U = 0 15-16 a t 950, 960 and 900 cm-1, respectively. However, in case of 4 ME complexes these bands appear at 920, 930 and 900 cm-1, respectively.
950-200 cm-1 region: All the metal chelates reported in this communication exhibit character istic M -0 frequencies between 500-200cm-1 i?-18-^ (Tables II and III) suggesting co-ordination through oxygen atoms of the phenolic groups of the li gands. Generally, all complexes first loose their water contents and then a constant decrease in weight is observed till a particular tem perature, above which the weight remains constant and corresponds to the formation of metal oxide.
The results of analysis are tabulated in Table IV .
In Table V , the value of magnetic moments of 4MD and 4ME chelates of Cu(II), Mn(II), Fe(III)A , Fe(III)B, and Fe(III)C are reported. From the data given high spin complexes can be inferred19. The results of elemental analysis (Table VI) correspond to a composition of 1:2 and IR studies indicate th at both -O H groups of the ligands are involved in complex formation. However, elemental analysis of U(>2(II), ZrO(II), Th(IV) chelates corresponds to a metal ligand ratio
